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Abstract: Microwave direction of arrival (DOA) estimation is important in many 
sensor systems and has attracted a lot of attention due to its wide applications in 
the commercial and military areas, such as wireless communications and 
electronic warfare. Accurate and efficient direction finding will be very useful in 
next generation wireless communication system for location based services and 
applications. 

Luneburg Lens is a gradient index which has a special property that every point 
on the surface of an ideal Luneburg Lens is the focal point of a plane wave 
incident from the opposite side. This property allows us to realize a precise DOA 
application based on the measured amplitude information from the detectors 
around the lens. 

In this work, a Luneburg lens based DOA estimation system is studied. The lens 
is fabricated using a polymer jetting 3D printing technology and 36 detectors 
equally spaced with 10° separation on the equator of the spherical lens are used to 
receive the signal from all 360 degrees in the azimuth plane. A compressive 
sensing and a correlation algorithm is applied to estimate the DOA. Estimated 
direction result at different incident angles from all 360 degrees is shown in 
Figure 1. The averaged estimation error is about 0.14°, demonstrating that this 
Luneburg lens based direction finding system is a good candidate for low cost 
applications. This Luneburg lens based DOA estimation system has the advantage 
of broadband operation frequency and does not require any expensive phase 
shifter component in the system. Moreover, the high gain property of a Luneburg 
lens leads to small correlation between received power distributions for different 
incident angles, thus high accuracy for the incident angle estimation can be 
achieved. 
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Figure 1. Estimated direction results at different incident angles from all 360 
degrees using the compressive sensing algorithm. 
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Introduction of DOA Estimation IN 





> Microwave DOA estimation is important in many sensor systems 
e Wireless communications 
e Electronic warfare 


> Typical microwave DOA estimation system based on antenna 
arrays 
e Large number of elements 
e Sophisticated algorithms 


> 3D printed Luneburg lens based DOA estimation system 
e Broadband 
e Does not require any expensive phase shifter components 
e 360 degree angle 
e Simple configuration and algorithm 
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Luneburg lens based DOA system IN 





Advantages 


= Broadband behavior 


= High gain 
= The ability to form multiple 
beams 








Every point on the surface of an 
ideal Luneburg Lens is the focal 
point of a plane wave incident from 
the opposite side. 
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Compared to conventional manufacturing techniques: 
> Much more convenient 
> Fast 
> Inexpensive 


> Capable of implementing Luneburg lenses in the mmW range 
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Detectors setup IN 





> Strategically distribute a number of detectors around the 
surface of lens 


> Analyze their receive responses to estimate the direction of 
the incident wave 


> 36 zero biased diodes as detectors 


> 10 degree angle separation 
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Experiment configuration N 
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Schematic configuration of the Luneburg lens Luneburg lens with 36 detectors 
based DOA estimation system in the experiment mounted around the surface 
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Experiment configuration IN 





Double ridged horn antenna 36 detectors connected 
used as the radiating source to the multiplexer 


> Detector: zero biased diode (SMS7630-061) fed by a monopole antenna 
printed on an 8-mil Duroid substrate. 

> Frequency: 5.6 GHz 

> Distances (horn to lens): 3 m and 4 m, for the calibration and the 
performance test, respectively (both in the far-field). 
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Measured data for calibration and testing IN 
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Compressive sensing (CS) algorithm IN 





> Treat the calibration data of all the 36 detectors as prior knowledge 

> Applying the calibration data as the projection bases [h] 

> Applying the measured data as the output matrix [g] 

> TWIST compressive sensing algorithm is employed to estimate the 
probability [f ] of signal coming from different directions 
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Advantage: Disadvantage: 
e Narrower angle finding beamwidth e Takes more computational time 





(5 ms for one measurement) 
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e The averaged error over all 360 degree incident angles is 0.34 


degree 


e Computational time 5 ms for one measurement 
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Probability results IN 
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Calculated probability results of an incident wave from -70 
degree using the CS algorithm. HPBW 12.5 degree. 
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DOA estimation using correlation algorithm IN 





The detector directly facing the incident Correlation Algorithm 
wave will receive the highest power and the 
other detectors will receive smaller power. 


1. The output voltages of all 36 detectors are 
recorded as the calibration file V,,, with 
different incident angles from -180° to 180° 
(step 1°). 


The output data of 36 detectors would have 
the largest correlation with the calibration 
data from the same incident angle. 





— 2. Measure the output voltage of 36 detectors 
Corr = } V, cal ` Vise) : 7 


and record them as the signal file V, 


signal’ 
ub 3. Calculate the correlation between Vignal 


and V, from all the incident angles, the 
Find the maximum correlation direction with the largest correlation is the 
within all the calibration data esuate d haf 


Advantage: ' 
e Less computational time (0.6 ms) Disadvantage: . 
* Higher accuracy e Wider angle finding beamwidth 
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Direction finding results (deg) 


DOA estimation results 
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The averaged error over all 360 degree incident angles is 0.14 


degree. 


Computational time 0.6 ms for one second 
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Calculated probability results of an incident wave from -70 
degree using correlation algorithm. HPBW 25 degree. 
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Conclusion IK 





> A direction finding system employing a 3D printed Luneburg lens is 
reported in this work 


> A system consisting of 36 detectors equally spaced with 10° separation 
on the equator of the spherical lens is demonstrated at 5.6 GHz 


> Using a compressive sensing algorithm and a correlation algorithm, the 
direction finding result shows the averaged error is 0.34 degree and 0.14 
degree for incoming waves of incident angle covering all 360 degrees. 


> Future work, system performance with multiple signals input will be 
tested. 


> This kind of Luneburg lens based direction finding system may be a good 


candidate to achieve a portable, low cost and accurate direction finding 
system that will be useful for many applications 
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